I N T RO D U C T I O N
MgH has been the subject of extensive studies due to its importance in a variety of astrophysical environments. Lines of the A 2 − X 2 + system of 24 MgH have been detected and analysed in the spectra of various stellar regions including the solar photosphere (Grevesse & Sauval 1973) , sunspots (Richardson 1931; Webber 1971; Sotirovski 1972) , late-type stars (Joy 1926; Öhman 1936; Davis 1937 ) and nearby galaxies (Spinrad & Taylor 1971) . Moreover, these bands have been found in the spectra of four nearby L dwarfs and subdwarfs (Cottrell 1978; Reid et al. 2000) . Recently, Wallace et al. have observed and identified the v = 0 and v = 1 progressions of the B 2 + ← X 2 + bands of MgH in sunspot umbral spectra (Wallace et al. 1998 (Wallace et al. , 1999 .
Because of the importance of Mg atoms in the ionization balance of interstellar clouds (Oppenheimer & Dalgarno 1974) , several studies have been carried out to calculate the abundance of 24 MgH and its isotopologues since the 1970s. Line intensities of the A 2 ← X 2 + bands of 25 MgH and 26 MgH have been compared with those of 24 MgH to obtain relative abundance estimates for magnesium isotopes in sunspot and late-type stars (Boesgaard 1968; Branch 1970; Boyer 1971; Boyer, Henoux & Sotirovski 1971) . Using the 0-0 band of the A 2 − X 2 + system of MgH, isotope abundance ratios 24 Mg: 25 Mg: 26 Mg were derived for Arcturus (Tomkin & Lambert 1976) , for five dwarfs (Tomkin & Lambert 1980) and for various cool and red giant stars (Gay & Lambert 2000; Yong, Lambert & Ivans 2003; Yong, Aoki & Lambert 2006) . In addition to the A − X band system, the B 2 + → X 2 + bands have been used to E-mail: ashayesteh@ut.ac.ir (AS); pbernath@odu.edu (PFB) measure the solar isotope ratio, which is in good agreement with the much better determined terrestrial ratio (Wallace et al. 1999) . Magnesium abundance derived from a combination of Mg I and MgH is also used to determine surface gravities of Arcturus and cool giant stars (Bell, Edvardsson & Gustafsson 1985; Bonnell & Bell 1993 ). The first laboratory spectrum of 24 MgH was photographed more than a century ago (Fowler 1907 (Fowler , 1909 . In the 1970s, Balfour and co-workers studied the absorption and emission spectra of MgH and MgD extensively, and discovered the B 2 + − X 2 + transitions (Balfour & Cartwright 1975b) . They analysed both the A − X and B − X systems (Balfour 1970a,b; Balfour & Cartwright 1976a; Balfour & Lindgren 1978) and used their spectroscopic data to estimate the dissociation energy of ground and low-lying states (Balfour & Cartwright 1975a , 1976b Balfour 1980) . A few years later, the emission spectrum of the A 2 → X 2 + system of 24 MgH was recorded at high resolution using a Fourier transform spectrometer, and the pure rotational transitions of the X 2 + ground state were predicted (Bernath, Black & Brault 1985) . The vibration-rotation and pure rotational spectra of MgH were recorded subsequently (Leopold et al. 1986; Lemoine et al. 1988; Ziurys, Barclay & Anderson 1993) . Recently, Shayesteh et al. (2004 Shayesteh et al. ( , 2007 recorded the infrared and visible emission spectra of MgH at high resolution and reported a detailed analysis of the X 2 + ground state and the A 2 and B 2 + exited states. Moreover, deperturbation analysis of both A − X and B − X systems have been carried out by fitting the spectroscopic data for the v = 0 to 3 levels of the A 2 state and the v = 0 to 4 levels of the B 2 + state simultaneously (Shayesteh & Bernath 2011) .
Parallel to the experimental work on MgH, several theoretical studies have been carried out since the 1970s (Popkie 1971; Meyer & Rosmus 1975) . The X 2 + , A 2 and B 2 + potential curves, equilibrium internuclear distances, dipole moment functions, vibrational frequencies and spectroscopic constants of MgH have been calculated (Sink et al. 1976; Saxon, Kirby & Liu 1978; Sink & Bandrauk 1979; Saxon, Kirby & Liu 1983) . In addition, a complete line list has been computed for the ground and two low-lying exited states (Skory et al. 2003; Weck et al. 2003; Yadin et al. 2012) . Recently, potential energy curves of the ground and excited states of MgH have been calculated at high levels of theory (Mestdagh et al. 2009; Guitou, Spielfiedel & Feautrier 2010) , and ab initio transition dipole moments have been reported (Mostafanejad & Shayesteh 2012) .
In this paper, we report Einstein A coefficients for rovibronic transitions of the A 2 → X 2 + and B 2 + → X 2 + systems of MgH, calculated using a combination of spectroscopic data and ab initio transition dipole moments. Calculation of absolute line intensities of molecular species has important applications in astrophysics and atmospheric science (Tatum 1967; Bernath 2009 ).
T H E O RY A N D C A L C U L AT I O N S
Line intensities of rovibronic transitions are related to Einstein A coefficients (Bernath 2005) :
According to equation (1), A v ,J →v ,J depends on transition frequency ν, the Hönl-London factor S J J , and the electronic transition dipole moment, R e (r), which is a function of internuclear distance r (Bernath 2005) . The electronic transition dipole moment,R e (r), is usually calculated theoretically and is defined by
with r i representing the electronic coordinates. Einstein A coefficients are related to excited state lifetimes, which can be measured experimentally. However, the lifetime is related only to the overall rate of radiative decay of an excited state i to all lower states j:
The most accurate method for calculating Einstein A coefficients for small molecules is to combine experimental potential curves and energy levels with high-quality ab initio transition dipole moments. Electronic transition dipole moments of the A 2 → X 2 + and B 2 + → X 2 + systems have been computed recently using high-level ab initio calculations (Mostafanejad & Shayesteh 2012) . The program LEVEL (Le Roy 2007) takes a diatomic potential energy curve and solves the following one-dimensional radial Schrödinger equation numerically to find all bound and quasi-bound rovibrational energy levels (E v, J ) and the corresponding wavefunctions ψ v, J (r):
The effective one-dimensional potential V J (r) in equation (4), is a sum of the rotationless (electronic) potential V(r) and a centrifugal term that depends on J. For the normal problem of a diatomic molecule in a singlet electronic state rotating in three dimensions, V J (r) is given by the following equation:
in which is equal to 0 and 1 for 1 + and 1 states, respectively. In addition, when two potential energy curves and the electronic transition dipole moments,R e (r), are provided as input, the program LEVEL finds ψ v ,J and ψ v ,J , and calculates the rovibronic transition dipole moment integral (M v ,J →v ,J ) numerically for each individual rovibronic transition:
The Einstein A coefficient A v ,J →v ,J can then be calculated from the transition frequency (ν), the rovibronic transition dipole moment (M v ,J →v ,J ) and the Hönl-London factor (S J J ) using equation (1). (Shayesteh et al. 2007 (Shayesteh et al. , 2011 (40) 5.879(2) 2.009 (6) (10) a The number in parentheses following an entry is the power of 10 by which the entry is to be multiplied. b The lines are marked as R 11 (N ) where N is the rotational quantum number of the lower state (X 2 + ). c The numbers marked with asterisks (*) belong to perturbed upper state levels, and have been calculated using PGOPHER.
R E S U LT S A N D D I S C U S S I O N
First, using experimental term values of the X 2 + ground state and the A 2 and B 2 + excited states (Shayesteh et al. 2007 ), a complete list of rovibronic transition wavenumbers (and frequencies) were calculated. Then, we used the experimental potential energy curves of the X 2 + , A transitions (Herzberg 1950) were used to calculate the J dependence of rovibronic transition intensities. Following Li et al. (2012) , we multiplied the Hönl-London factors reported by Earls (1935) by four (Table 1) , in order to make them consistent with the PGOPHER program (Western 2010) . It should be noted that the B 2 + → X 2 + transition intensities depend strongly on the rotational quantum number N. For example, Franck-Condon factors for rovibronic transitions belonging to the 1-6 band change drastically from N = 0 to N = 25 (Wallace et al. 1999) . In other words, the Einstein A coefficients of the B 2 + → X 2 + system are very sensitive to the rotational quantum number and for this reason, we calculated M v ,J →v ,J for each rovibronic transition separately. 
C O N C L U S I O N S
The experimentally determined analytic potential energy curve for the X 
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